Epstein-Barr virus (EBV) is ubiquitous in the human population and seroepidemiological studies have revealed that more than 90 % of adults are infected with the virus in Thailand. It has been suggested that latent membrane protein 1 (LMP1) variants may differ in their tumorigenicity and geographical localization. The distribution of LMP1 variants of EBV in the Thai population was studied. A total of 259 LMP1 sequences from ten Thai ethnic groups (Lahu, Lisu, Shan, Red Karen, White Karen, Hmong, Akha, Mlabri, Moken and Urak Lawoi) were studied using direct PCR sequencing. Nucleotide sequences corresponding to the C terminus of the LMP1, including previously published sequences from central and southern Thais, were used in the phylogenetic analysis. Five strains -the B95-8 prototype, China 1, China 2, Mediterranean (Med) and SEA 2 -were identified in ethnic groups in Thailand. The major strain and the distribution pattern differed by group and location. When the ethnic groups were classified by linguistic group, the prevalence of the SEA 2 strain was significantly different between Austro-Thais and other linguistic groups (P50.0001), whereas, among Tibeto-Burman linguistic groups, the prevalence of the Med strain was different between matrilocal and patrilocal groups (P50.0245). The distribution of LMP1 strains in ethnic minorities in Thailand is associated with ethnogeographical factors and the social/ marriage system. This study thus provides evidence for the importance of interactions between populations in virus diversity.
INTRODUCTION
Epstein-Barr virus (EBV) is ubiquitous in human populations. Seroepidemiological studies have revealed that more than 90 % of adults are infected with the virus in Thailand (Mitarnun et al., 2002; Tiwawech et al., 2003) . Once infected with EBV, humans continue to carry the virus in a small fraction of their B lymphocytes, probably for life (ThorleyLawson, 2001 ). The EBV genome is a linear, doublestranded DNA molecule of 172 kb and has reiterated 0.5 kb terminal repeats and a 3 kb internal direct repeat (Baer et al., 1984; . More than 85 genes are encoded in the EBV genome (Parker et al., 1990) .
At least five viral latent proteins are essential for B-cell immortalization; these are the EBV nuclear antigens EBNA1, EBNA2, EBNA3A and EBNA3C and latent membrane protein 1 (LMP1) (Izumi, 2001; Kaye et al., 1995) .
The nucleotide sequence of the LMP1 gene shows diversity and the distribution of LMP1 variants shows geographically specific localization (Lin et al., 1995) . Although this protein is essential for the oncogenic potential of EBV, little is known about sequence variation in the LMP1 gene of EBV isolates among the general population in South-east Asia. Only limited LMP1 sequences that have been isolated from patients with nasopharyngeal carcinoma (NPC) in Thailand, Indonesia and Vietnam and with lymphomas in Malaysia and Thailand have been reported (Burrows et al., 2004; Kim & Peh, 2003 (Burrows et al., 2004) .
Several viruses have been shown to represent human migration history and have been used as ethnic markers to elucidate human migrations and the origins of various ethnic groups (Agostini et al., 1997; Hayward & Zong, 2007; Miura et al., 1994; Yogo et al., 2004) . To determine the distribution of EBV genotypes and to address the origin and genealogy of the various ethnic groups in Thailand, we analysed sequence variation in the EBV LMP1 gene in 12 populations within Thailand.
RESULTS
LMP1 nucleotide sequences corresponding to the Cterminal region were determined in 259 individuals belonging to ten ethnic groups (Table 1) ; the detection rate varied by ethnic group ranging from 10 to .50 %. The obtained sequences were translated into amino acids for the phylogenetic analyses. Five known strains -the B95-8 prototype, China 1, China 2, Mediterranean (Med) and SEA 2 -were identified (Figs 1 and 2 ). Phylogenetic trees based on nucleotide and amino acid sequences produced by the neighbour-joining and maximum-parsimony methods showed similar branching patterns (data not shown); the latter method gave better resolution and is shown in Fig. 2 . The SEA 2 strain reported previously in Thailand (Sacchan et al., 2006 ; referred to as Thai1 in Tiwawech et al., 2008) was detected in all populations except for the Hmong.
The distribution of the LMP1 strains in each population is presented in Table 2 and Fig. 3 . The major strain in each population was the B95-8 prototype in Lahu (43 %), the China 1 strain in southern Thais (52 %), the China 2 strain in Akha (45 %), Hmong (44 %) and central Thais (33 %) and the SEA 2 strain in Lisu (35 %), Red Karen (50 %), White Karen (76 %), Mlabri (82 %), Moken (39 %) and Urak Lawoi (39 %). The China 1 and SEA 2 strains were shown to be major strains in Lisu (35 % each) and Shan (30 % each). When the ethnic minorities of Thailand were classified by language (Gordon, 2005) , the prevalence of the SEA 2 strain was significantly different between the Austro-Thai and other linguistic groups (P50.0001; Fisher's exact test with Bonferroni's correction) (Table 3) whereas, among the Tibeto-Burman linguistic groups, the prevalence of the Med strain was different between matrilocal and patrilocal groups (P50.0245) ( Table 4) .
DISCUSSION
The five LMP1 strains identified in the Thai population were also found in patients with lymphoma in Malaysia (Kim & Peh, 2003) , with NPC in Thailand (Tiwawech et al., 2008) , Indonesia (Burrows et al., 2004) and Vietnam (Nguyen- Van et al., 2008) and with T-cell diseases in Thailand (Saechan et al., 2006) . The LMP1 strains found in this study have also been identified in other geographical areas (Edwards et al., 1999; Saechan et al., 2006; SitkiGreen et al., 2002 SitkiGreen et al., , 2003 , where the majority and distribution patterns of strains reflect geographical location. The history of the population admixture may have contributed to the present distribution pattern of the strains. A similar but distinct situation occurs for the distribution of Kaposi's sarcoma-associated herpesvirus (KSHV); in contrast to the EBV strain distribution, some KSHV genotypes showing population-specific distribution have the potential to be ethnic markers (Hayward & Zong, 2007) . To investigate human migration and population admixture, the combined use of EBV and KSHV would be helpful. Among normal tissue specimens, the B95-8 prototype strain appears to be the most prevalent in European isolates, whereas the China 1 strain appears to be the most prevalent in American and Asian isolates (Edwards et al., 1999) ; the China 1 and China 2 strains are highly prevalent in China (Sung et al., 1998) . In our study, the China 1 strain was the most prevalent in the Lisu, Shan and southern Thai populations, whereas the China 2 strain was highly prevalent in the Akha, Hmong and central Thai populations, which reflects the population migration history (Barbie, 1992) . In addition, the SEA 2 strain, which is novel to the South-east Asian population (Saechan et al., 2006) , was disseminated among all populations except for the Hmong, whose language belongs to the Hmong-Mien branch of the Austro-Thai linguistic group. In addition to geographical locations, linguistic classification also suggested distinctive patterns of EBV strain distribution, especially for the SEA 2 strain, which showed a significantly different distribution between the AustroThai and other linguistic groups (Table 3) . Another interesting profile was that the social/marriage system also influenced the strain distribution (Table 4 ). This may be 
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attributable to the infection route of EBV via saliva. As EBV infection occurs in the early stages of life, mainly from mother to offspring through saliva, the strain distribution between matrilocal and patrilocal societies may differ. In a matrilocal society, EBV strains are maintained via maternal lineages through generations, whereas, in a patrilocal society, new strains are introduced into the society by brides from other communities and replacement of the strain would occur. The heterogeneity of the strains is thus greater in matrilocal than in patrilocal societies.
Most of the hill tribes live in remote upland areas and were isolated until the 1950s, when the increase in their population and the threat of insurgency led the Thai government to establish the National Committee for the Hill Tribes. A variety of LMP1 strains were found in those populations, who have often communicated with other populations, such as the Lahu, Shan, central Thais, Moken and Urak Lawoi. This characteristic is also found in mitochondrial DNA polymorphisms in the Lahu population, who have experienced gene flow from surrounding populations to some extent (Fucharoen et al., 2001) . In contrast, in those ethnic groups who have maintained their own ethnic identity, with a low degree of genetic influence from other groups, such as the Akha, Hmong and Mlabri, the distribution of LMP1 variants exhibited low genetic diversity, as with the genetic diversity of mitochondrial DNA and the Y chromosome found in the Mlabri and Akha groups (Butler, 2003; Oota et al., 2001 Oota et al., , 2005 .
The relationships between LMP1 strains and EBV pathogenicity have been documented in terms of transforming activity (Wang et al., 1988) . It is interesting that four LMP1 V. Saechan and others strains (SEA 1, China 3, Alaskan strain and the 69 bp deletion strain), known as high-risk strains, have been found only in patients with EBV-associated diseases: EBVassociated South-east Asian T-cell syndrome, NPC, oral hairy leukoplakia and persistent polyclonal B-cell lymphocytosis (Edwards et al., 1999; Larcher et al., 1997; Miller et al., 1994; Saechan et al., 2006; Sung et al., 1998) . These strains have not been isolated from normal individuals except for one individual who was the father of an EBVassociated T-cell disease patient (Saechan et al., 2006) . The low prevalence of the so-called high-risk EBV strains in healthy individuals may be attributed to their rare presence, whilst distinctive properties of the strains such as fatal prognosis and/or host-cell preference may have relationships with disease profiles that result in the accumulation of the strains in the patient groups. As the functional property of the strains has still not been investigated fully, it is premature to draw a conclusion; however, these data suggest that a type of LMP1 strain is associated with pathogenicity, which awaits experimental proof.
In conclusion, the distribution of LMP1 variants in ethnic minorities in Thailand is associated with ethnogeographic factors and the social/marriage system. This study also provides evidence for the importance of interactions between populations in virus diversity. These findings may help virologists in a better understanding of the patterns of EBV genetic variation and their association with malignancies.
METHODS
DNA samples and ethnic groups. DNA samples were prepared by the sodium iodide method (Wang et al., 1994) (Anderson, 1993; Beyrer et al., 1997) . The Mlabri, known in Thai as phi thon ruan (spirit of the yellow leaves), used to be a nomadic hunter-gatherer group whose language belongs to the Mon-Khmer branch of the Austro-Asiatic linguistic group.
Determination of nucleotide sequences of the C-terminal region of LMP1. An EBV DNA fragment (nt 168188-168618) corresponding to the C-terminal region of LMP1 (GenBank accession no. V01555) was amplified with the specific primers 59-CCCCC-ACTCTGCTCTCAAA-39 and 59-CCGTGGGGGTCGTCAT-39. PCR products were subsequently purified using a Microcon PCR kit (Millipore) and nucleotide sequences were determined using a Big Dye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems). Sequencing was performed with a 3100-Avant Genetic Analyzer (Applied Biosystems).
Phylogenetic analysis. In addition to the 259 newly determined LMP1 sequences, published sequences from central (n530) and southern (n521) Thais (Saechan et al., 2006) were used in the phylogenetic analysis. The central Thais were residents of Bangkok with mixed ethnic origins, mainly Thai and Chinese, and spoke a language in the Tai family. The southern Thais were residents of the Hat Yai District in Songkhla Province with mixed ethnic origins, mainly Thai, Chinese and Malay, and spoke a language in the Tai family.
Nucleotide sequences of LMP1 were translated into amino acid sequences corresponding to aa 241-363 of the B95-8 prototype and were aligned using CLUSTAL W (Thompson et al., 1994) and edited manually. Phylogenetic and molecular evolutionary analyses of the nucleotide and amino acid sequences were conducted by the neighbour-joining and maximum-parsimony methods using MEGA version 3.1 (Kumar et al., 2004) . To confirm the reliability of the obtained phylogenetic tree, bootstrap resampling and reconstruction were carried out 1000 times for analysis by MEGA version 3.1.
Statistical analysis. Fisher's exact test with Bonferroni's correction was used to compare the distribution of LMP1 variants between linguistic groups of each ethnic minority in Thailand. P values less than 0.05 were considered significantly different. 
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